ABSTRACT. FS-L3 cells, originating from porcine kidney, were used for propagation of Hemagglutinating encephalomyelitis virus (HEV) and development of a virus neutralizing (VN) test. Sera of pigs, rats, cows and dogs had VN activities to HEV. On the other hand, sera of mice, rabbits, goats, sheep, horses, cats, chickens, hamsters and human did not have measurable VN activities, although these sera had high HI activities. Our results support the idea that the VN is a more reliable measure of HEV infection than the conv entionally used HI test. KEY WORDS: hemoagglutinating encephalomyelitis virus, HI, neutralizing test.
Hemagglutinating encephalomyelitis virus (HEV) is a member of the Coronaviridae family, which causes porcine encephalomyelitis. HEV is serologically distinct from the subgenus 1 containing Transmissible gastroenteritis virus (TGEV), Feline infectious peritonitis virus (FIPV) and Canine coronavirus (CCoV), but rather is related to subgenus 2 containing Bovine coronavirus (BCoV), Human coronavirus OC-43 (HCoV -OC43), Sialodacryadnitis virus (SDAV), Rat coronavirus (RCoV) and Mouse hepatitis virus (MHV). HEV clinically causes two distinct types of symptoms in suckling piglets either encephalomyelitis (HE type) or the vomiting and wasting disease (VW type). Although many isolates of HEV have been reported [1, 2] in the world, only four HEV have been isolated from the respiratory tracts of pigs affected with respiratory diseases in Niigata and Osaka prefectures in 1984 [3] in Japan. Hirai and colleagues [4] first reported that about 50% of swine sera were positive for antibodies to HEV by the hemagglutinating inhibition (HI) test in Japan, suggesting the virus does spread in pigs. However, until recently no virus neutralizing (VN) test has been available to confirm these results. In this study, we developed a reliable VN using the established cell line FS-L3, which supports in vitro replication of pigs. Using this assay we were able to detect HEV neutralizing antibodies of pig sera.
In these studies, HEV 67 N strain [8] was used which was kindly provided by Dr. K. Hirai, Gifu University, Japan. FS-L3cells, which were established from porcine kidney and cultured without bovine serum [11] , were used for propagation of the virus and neutralizing tests.
We tested several cell lines for their susceptibility to infection by HEV as measured by visible cytopathic effect (CPE) and infectivity assay. We found that while FS-L3 cells could support HEV infection (Fig. 1) , the several cell lines, CPK (pig kidney), IB-RS-2 (pig kidney), MDBK (bovine kidney), MDCK (canine kidney) and DBT (mouse astrocytoma) were not visibly affected by HEV. Thus FS-L3 cells provide a good test system for the development of a neutralizing assay for HEV as described above.
Sera from pigs, mice, rats, rabbits, cows, goats, sheep, horses, dogs, cats, chickens and humans were used for virus neutralizing (VN) and HI tests.
All sera for VN tests were inactivated at 56°C for 30 min and diluted by Minimum Essential Medium (MEM). A 50-µl of a serial diluted serum was mixed with the same volume of HEV containing 200 TCID 50 and incubated at 37°C for 1 hr. Fifty µl of the mixture were inoculated onto FS-L3 cells on 96 well-plate and 100 µl of MEM was added to the inoculated cells after virus adsorption 1 hr at 37°C. Virus neutralizing titre of serum was expressed as the reciprocal of the dilution, showing a 50% end point. The animal sera were pretreated with 25% Kaolin [6] for HI tests after inactiva- tion at 56°C for 30 min. Those sera were treated with nonspecific hemagglutination inhibitor [7] .
The Hemagglutination (HA) and HI tests were performed by the microtitre methods as described by Noda et al. [10] . Sixteen HA units of HEV was determined using 0.8% chicken erythrocytes (CRBC). Sixteen HA units of HEV in 25 µl in volume was mixed with 25 µl of 2 fold diluted each serum, which was prepared with or without trypsin [7] , and added with 25 µl of 0.8% CRBC in 96 wellplate. After the agitation, the plate allowed to stand at room temperature for 30 min. The HI titre of each serum was expressed as the reciprocal of the highest antibody dilution with showed HI.
The results of VN and HI tests using HEV and the sera of various animals are presented in Table 1 . As expected, the sera of pigs, rats, cows and dogs had both VN and HI activities. HI activity of these sera also remained after removal of nonspecific hemagglutination inhibitor. In contrast, the sera of mice, rabbits, goats, sheep, horses, cats chickens, hamsters and human did not have VN activity despite of having high HI activity. Interestingly the HI activity of sera derived from cats and humans was dramatically reduced after following removal of the nonspecific hemagglutination inhibitor.
Comparisons of VN with HI activity in bovine and rat serum were performed. With the exception of one bovine sample, all sera had both VN and HI activity directed against HEV.
Kyushu, Tohoku and Kanto are the primary sites for pig breeding in Japan and therefore we analyzed serum samples taken from animals in these regions (Table 2 ). Of the serum samples collected from these areas, the majority (28/30) had VN activity reaching titres as high as 256 X. Two sera of pigs did not have VN activity, despite of having HI activity. HI activity of several sera of pigs having VN activity decreased after following removal of nonspecific hemoagglutination virus inhibitor. These may indicate that nonspecific HI activity exists not only in sera of some animals except for pigs (Table 1) , but also in sera of pigs.
In 1974 Hirai et al. reported that about 50% of all pigs in Japan had antibodies to HEV using HI test [4] . Hirano et al. also gave the data that 82% of pigs in Tohoku District were shown to be positive for HEV-67N [5] . These suggest that the virus apparently exist in pigs in Japan. However, VN had not been used to detect antibodies to HEV as HEV have HA activity. Here we describe the FS-L3 cells which when cultured without bovine serum were supported HEV infection. This system thus makes it possible to test for the presence of neutralizing antibodies using conventional assays. We first examined the HEV VN titres in the normal sera of cats, human, horses, goats which are known to have high HI activity against HEV. We found that none of these samples contained VN activity and furthermore any HI activity can be eliminated by removal of the nonspecific hemagglutination inhibitor. Thus the HI activity observed in these a) Removal of the nonspecific hemagglutination inhibitor was done as followed. A 0.01 ml of 0.5% trypsin was added to 0.6 ml of each animal serum and incubated at 56°C for 30 min. Then 0.06 ml of 1/ 90 M KIO 4 was added to the mixture and incubated at room temperature for 60 min. Finally 0.06 ml of 10% glucose-PBS was added to the mixture to stop the reaction. samples was the result of non-specific antiviral activities. In contrast, the sera of rats, cows and dogs showed low but significant VN activities, possibly due to cross reaction of antibodies against SDAV in rats, BCV in cows [9] , respectively. The reason why the serum of dogs showed VN activity is unknown; CCV does not belong to antigenic Group 2 of Coronaviruses containing HEV.
In the present study, we investigated VN-and HI antibodies to HEV in a total 30 sera of 10 pigs from Kyushu, Tohoku and Kanto respectively. Twenty-eight sera of 30 samples having HI activities had VN activity to HEV. Other two sera did not have VN activity in spite of having HI activity. Our data suggest that indeed there currently exists HEV infected pigs in Japan and that VN assays give a reliable indication of the degree of virus spread.
Only a few infections caused by HEV occurred in Japan recently [3] . The reason may be that a number of pigs in Japan have antibodies to HEV. Pigs without antibody to HEV, such as SPF pigs, have the risk of infection by HEV. Therefore, we have to keep close watching on the infection by HEV.
